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DNA SEQUENCING USING MOSFET minals of a MOSFET transistor , in accordance with an 
TRANSISTORS embodiment of the invention . 

FIG . 4A depicts a top view of deposition of a dielectric 
BACKGROUND OF THE INVENTION layer and an insulator layer , in accordance with an embodi 

5 ment of the invention . 
The present invention relates generally to the field of FIG . 4B depicts a section view of deposition of a dielec 

transistors , and more particularly to the use of metal - oxide - tric layer and an insulator layer , in accordance with an 
semiconductor field - effect transistor ( MOSFET ) transistors embodiment of the invention . 
for sequencing deoxyribonucleic acid ( DNA ) . FIG . 5A depicts a top view of a nano - channel formed in 

Since the onset of the human genome project in 1990 , 10 the insulator layer , in accordance with an embodiment of the 
many different methods of sequencing DNA have been invention . 
developed in the interest of reducing cost , required time , and FIG . 5B depicts a section view of a nano - channel formed 
sample volume while increasing accuracy . Common DNA in the insulator layer , in accordance with an embodiment of 
sequencing technologies in use today include sequencing by the invention . 
synthesis ( SBS ) methods where the DNA nucleotide 15 FIG . 6A depicts a top view of formation of contacts for the 
sequence is determined by the cyclic addition of nucleotide source and drain terminals of the current MOSFET transis 
bases one base type at a time using either natural nucleotides tor , in accordance with an embodiment of the invention . 
or fluorescently - labeled nucleotides with a reversible termi - FIG . 6B depicts a section view of formation of contacts 
nator . Using these sequencing methods , sequence read for the source and drain terminals of the current MOSFET 
length is very limited and accuracy is typically low . Tradi - 20 transistor , in accordance with an embodiment of the inven 
tionally , strategies such as parallelization and miniaturiza - tion . 
tion are utilized to improve the reliability and read speed of 
SBS sequencing methods while reducing the associated cost . DETAILED DESCRIPTION 

The use of DNA sequencing technology for quickly , 
reliably , and inexpensively sequencing the genome of mam - 25 Embodiments of the present invention generally provide 
mals such as human beings requires further advancements in a metal - oxide - semiconductor field - effect transistor ( MOS 
the field and the development of new sequencing method FET ) device for sequencing deoxyribonucleic acid ( DNA ) . 
ologies . A detailed description of embodiments of the claimed struc 

tures and methods are included herein ; however , it is to be 
SUMMARY 30 understood that the disclosed embodiments are merely illus 

trative of the claimed structures and methods that may be 
Embodiments of the invention disclose a method of embodied in various forms . In addition , each of the 

fabricating a semiconductor device , a sensor , and a method examples given in connection with the various embodiments 
of sequencing DNA . A substrate is provided . A hard mask is intended to be illustrative , and not restrictive . Further , the 
layer is patterned over at least a portion of the substrate . 35 figures are not necessarily to scale , some features may be 
Regions of the substrate not protected by the hard mask are exaggerated to show details of particular components . 
doped to form a source region and a drain region . The hard Therefore , specific structural and functional details dis 
mask layer is removed . A dielectric layer is deposited on the closed herein are not to be interpreted as limiting , but merely 
substrate . An insulative layer is deposited on the dielectric as a representative basis for teaching one skilled in the art to 
layer . A nano - channel is created by etching a portion of the 40 variously employ the methods and structures of the present 
insulative layer which passes over the source region and the disclosure . 
drain region . References in the specification to " one embodiment ” , “ an 

embodiment ” , “ an example embodiment ” , etc . , indicate that 
BRIEF DESCRIPTION OF THE DRAWINGS the embodiment described may include a particular feature , 

45 structure , or characteristic , but every embodiment may not 
FIG . 1A depicts a top view of a semiconductor substrate necessarily include the particular feature , structure , or char 

and buried oxide layer on which a MOSFET device for acteristic . Moreover , such phrases are not necessarily refer 
sequencing DNA may be fabricated , in accordance with an ring to the same embodiment . Further , when a particular 
embodiment of the invention . feature , structure , or characteristic is described in connection 

FIG . 1B depicts a section view of a semiconductor 50 with an embodiment , it is submitted that it is within the 
substrate and buried oxide layer on which a MOSFET device knowledge of one skilled in the art to affect such feature , 
for sequencing DNA may be fabricated , in accordance with structure , or characteristic in connection with other embodi 
an embodiment of the invention . ments whether or not explicitly described . 

FIG . 2A depicts a top view of deposition and etching of For purposes of the description hereinafter , the terms 
a hard mask layer deposited on the semiconductor substrate 55 " upper ” , “ lower ” , " right " , " left " , " vertical " , " horizontal ” , 
of FIG . 1A , in accordance with an embodiment of the “ top ” , " bottom ” , and derivatives thereof shall relate to the 
invention . disclosed structures and methods , as oriented in the drawing 

FIG . 2B depicts a section view of deposition and etching figures . The terms " overlying ” , “ atop " , " positioned on ” or 
of a hard mask layer deposited on the semiconductor sub - " positioned atop ” mean that a first element , such as a first 
strate of FIG . 1A , in accordance with an embodiment of the 60 structure , is present on a second element , such as a second 
invention . structure , wherein intervening elements , such as an interface 

FIG . 3A depicts a top view of doped regions of the structure may be present between the first element and the 
semiconductor substrate which form source and drain ter - second element . The term " direct contact ” means that a first 
minals of a MOSFET transistor , in accordance with an element , such as a first structure , and a second element , such 
embodiment of the invention . 65 as a second structure , are connected without any interme 

FIG . 3B depicts a section view of doped regions of the diary conducting , insulating or semiconductor layers at the 
semiconductor substrate which form source and drain ter - interface of the two elements . 

dical . 
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The present invention will now be described in detail with FIGS . 3A and 3B illustrate a top and section view of 
reference to the Figures . FIGS . 1A and 1B illustrate a top semiconductor substrate 120 with doped regions for the 
view and a section view of a starting wafer including buried source and drain of the device and the removal of hard mask 
oxide layer 110 and semiconductor substrate 120 , in accor - layer 210 , in accordance with an embodiment of the inven 
dance with one embodiment of the invention . Semiconduc - 5 tion . In the depicted embodiment , the portion of semicon 
tor substrate 120 is a substrate on which a MOSFET device ductor substrate 120 to be doped is defined by the pattern in 
for sequencing DNA may be formed . Semiconductor sub hard mask layer 210 and / or the layer of photoresist . In other 
strate 120 is a semiconductor material , preferably a silicon embodiments , a layer of photoresist alone is used to define containing material including , but not limited to , silicon , the pattern in semiconductor substrate 120 to be doped , and germanium , silicon germanium alloys , germanium alloys , 10 hard mask layer 210 is not included in such embodiments . indium alloys , carbon nanotube , graphene , silicon carbon The type of dopant is selected based on the type of MOSFET alloys , or silicon germanium carbon alloys . Semiconductor which is to be created . For example , an nFET type of substrate 120 is present above buried oxide layer 110 . Buried 
oxide layer 110 acts as an electrical insulator below semi transistor is doped with an n - type material such as phos 
conductor substrate 120 . In general , the thickness of semi - 15 phorus . Similarly , a pFET type of transistor is doped with a 
conductor substrate 120 is between 1 nm and 10 nm how p - type material such as boron . In general , hard mask layer 
ever , in embodiments of the invention where bulk silicon 210 is used to protect the areas of semiconductor substrate 
construction is used semiconductor substrate 120 may be 120 which are not to be doped while the portions of 
thicker than 10 nm . While the depicted embodiment includes semiconductor substrate 120 which are not protected by hard 
an illustration of silicon on insulator ( SOI ) construction , it 20 mask layer 210 are doped . 
should be appreciated by one skilled in the art that the In various embodiments , the source and drain terminals 
invention is not limited to SOI construction , and that other are constructed such that the separation between a source 
types of semiconductor construction can be used in various terminal and its respective drain terminal is between 1 nm 
embodiments of the invention , for example , bulk silicon and 6 nm . In the depicted embodiment of the invention the 
construction . In embodiments where bulk silicon construc - 25 separation between the source and drain terminals of the 
tion is used , buried oxide layer 110 may not be present in the device is between 1 nm and 2 nm . Additionally , in some 
starting wafer . embodiments , multiple transistors may be present along 
FIGS . 2A and 2B illustrate a top and section view of nano - channel 500 for the purpose of re - reading a portion of 

deposition and patterning of hard mask layer 210 . Hard the same strand of DNA in order to facilitate noise reduction , 
mask layer 210 is used to define an area of semiconductor 30 error correction , or any other process intended to increase 
substrate 120 which is to be doped during formation of the accuracy or speed of reading a sequence of DNA base 
source and drain terminals , as described in reference to the pairs , by including the use of multiple transistors . These 
following Figures . In a preferred embodiment , hard mask embodiments may include additional data processing com 
layer 210 is silicon nitride ( SIN ) , deposited using , for ponents or the use of software elements not included in the 
example , low pressure chemical vapor deposition ( LPCVD ) . 35 depicted embodiment . 
Other materials with which hard mask layer 210 may be Remaining portions of hard mask layer 210 are removed 
formed include , but are not limited to , hafnium oxide ( HfO ) once the source and drain terminals have been formed in 
or titanium oxide . Hard mask layer 210 is of a sufficient semiconductor substrate 120 through the process of doping 
thickness to protect portions of semiconductor substrate 120 semiconductor substrate 210 . Hard mask layer 210 is 
from the addition of dopants in later steps . In one embodi - 40 removed using , for example , RIE . RIE uses chemically 
ment , hard mask layer 210 is between 10 nm and 50 nm reactive plasma , generated by an electromagnetic field , to 
thick and is preferably about 30 nm thick . A person of remove various materials . A person of ordinary skill in the 
ordinary skill in the art would recognize that chemical art will recognize that the type of plasma used will depend 
mechanical planarization ( CMP ) steps may be inserted on the material of which hard mask layer 210 is composed , 
before and after the deposition of hard mask layer 210 to 45 or that other etch processes , e . g . , wet chemical etch , laser 
ensure that the top surfaces of both semiconductor substrate ablation , etc . , may be used . 
120 and hard mask layer 210 are relatively flat . The process FIGS . 4A and 4B illustrate top and section views of the 
of patterning hard mask layer 210 to define source and drain deposition of dielectric layer 410 and insulator 420 , in 
terminals on semiconductor substrate 120 involves the use accordance with an embodiment of the invention . In a 
of standard photolithographic processes to define the pattern 50 preferred embodiment , dielectric layer 410 is a high - k 
of source and drain terminals in a layer of photoresist ( not dielectric such as Hafnium oxide . In general , the purpose of 
shown ) deposited on hard mask layer 210 . In various dielectric layer 410 is to prevent electrical conduction 
embodiments , standard photolithographic processes are between a strand of DNA and the source and drain terminals 
used to remove a portion of the photoresist layer correspond present in semiconductor substrate 120 . Electric fields cre 
ing to the area of semiconductor substrate 120 which is to be 55 ated by the charge and polarization of individual nucleotides 
doped in later steps . The source and drain terminal patterns within the strand of DNA are able to pass through dielectric 
defined in the photoresist layer are formed into hard mask layer 410 , however the material of which dielectric layer 410 
layer 210 by removing hard mask layer 210 from the areas is composed must not be conductive in order for the device 
not protected by the pattern in the photoresist layer . A to function correctly . Insulator 420 is deposited on dielectric 
portion of hard mask layer 210 is removed using , for 60 layer 410 and can be composed of Sion , SizN4 or other 
example , reactive ion etching ( RIE ) . RIE uses chemically dielectric materials . It should be appreciated by one skilled 
reactive plasma , generated by an electromagnetic field , to in the art that additional CMP steps may be present before 
remove various materials . A person of ordinary skill in the and after the deposition of both dielectric layer 410 and 
art will recognize that the type of plasma used will depend insulator 420 . In some embodiments , dielectric layer 410 is 
on the material of which hard mask layer 210 is composed , 65 formed by oxidizing the top portion of semiconductor sub 
or that other etch processes , e . g . , wet chemical etch , laser strate 120 using a process such as plasma oxidation , plasma 
ablation , etc . , may be used . nitridation , thermal oxidation , etc . 
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FIGS . 5A and 5B depict top and section views of forma - source - drain separation is preferred because the field - effect 
tion of nano - channel 500 , according to an embodiment of generated by a single nucleotide is more identifiable when 
the invention . Nano - channel 500 is created by etching a fewer nucleotides are present in the active area . 
portion of insulator 420 using , for example , wet chemical Before a strand of DNA can be read , a voltage source is 
etching or dry etching . In one embodiment , standard pho - 5 used to apply a voltage between the source and drain 
tolithographic processes are used to define the pattern of terminals of the device . In various embodiments the voltage 
nano - channel 500 in a layer of photoresist ( not shown ) applied between the source and drain terminals of the device 
deposited on insulator 420 . The nano - channel pattern may depends on the separation between the source and drain 
then be formed in insulator 420 by removing insulator 420 terminals . In general , the voltage source is capable of 
from the areas not protected by the pattern in the photoresist 10 applying a constant voltage and measuring any current flow 
layer . Insulator 420 is removed using , for example , RIE . A between the source and drain terminals of the device which 
person of ordinary skill in the art will recognize that the type result from a field effect generated by a nucleotide or group 
of plasma used will depend on the material of which of nucleotides currently present in the active area . In some 
insulator 420 is composed , or that other etch processes , e . g . , embodiments , the voltage source is a device connected to a 
wet chemical etch , laser ablation , etc . , may be used . It 15 computer or another electronic device capable of storing and 
should also be appreciated that the process used to etch the analyzing information related to the change in the current 
desired portion of insulator 420 must be selected such that flow between the source and drain terminals over time . The 
the process does not remove any portion of dielectric layer process of sequencing DNA involves recording the change 
410 , as the presence of dielectric layer 410 is required for the in current flowing between the source terminal and the drain 
operation of the device . In general , nano - channel 500 is 20 terminal of the device in order to determine the field - effect 
formed by removing a portion of insulator 420 in order to generated by the charge and polarity of the portion of 
facilitate the movement and positioning of a strand of DNA nucleotides currently being sequenced . As a strand of DNA 
over the source and drain terminals formed in semiconductor moves through the nano - channel , nucleotides continuously 
substrate 120 . In various embodiments , nano - channel 500 pass through the active area between the source and drain 
has a width of between 5 nm and 100 nm , however in 25 terminals where the field effect is measured . In some 
preferred embodiments nano - channel 500 has a width of embodiments , before the sequencing of an unknown portion 
roughly 10 nm . In the depicted embodiment , the removed of DNA begins , the device is calibrated by using a strand of 
portion of insulator layer 420 gradually narrows to form DNA containing a known sequence of nucleotides to deter 
nano - channel 500 . This narrowing portion may not be mine the expected field - effects for various combinations of 
present in other embodiments of the invention , and addi - 30 nucleotides . In these embodiments , data collected during 
tional elements may be added to ensure that strands of DNA calibration is recorded in a table listing the expected field 
are able to enter the nano - channel in such embodiments . effect for each possible combination of nucleotides . For 

In general , the purpose of nano - channel 500 is to guide example , in an embodiment where four nucleotides are read 
the movement of a strand of DNA such that the strand of at a time , there are 256 ( 44 ) possible combinations of 
DNA passes directly over the source and drain terminals 35 nucleotides which can be present in the active area at any 
formed in semiconductor substrate 120 . Situations where given time . Identifying the specific combination of nucleo 
self - avoiding polymers such as DNA are enclosed in very tides currently present and contributing to the field - effect is 
narrow environments ( such that the width of the environ performed by measuring the current present between the 
ment is less than the radius of gyration of the polymer ) , such source and drain terminals and comparing this value to the 
as nano - channel 500 , prevent the polymer from folding back 40 current expected for various known combinations of nucleo 
on itself , and yield a uniform distribution of monomers ( such tides . 
as DNA nucleotides ) throughout the length of the polymer , In embodiments where the separation between the source 
which provide an ideal environment for sequencing portions and drain terminals is larger , more nucleotides may be able 
of DNA . to fit between the source and drain terminals . The increase 

A given nucleotide or group of nucleotides present 45 in the number of nucleotides which can fit between the 
between the source and drain terminals of the device acts as source and drain terminals can cause an exponential increase 
the gate terminal in the current MOSFET device . A field in the number of possible combinations of nucleotide 
effect resulting from the charge or polarity of the given sequences which much be chosen from in order to determine 
nucleotide or combination of nucleotides is identified based the current sequence of nucleotides present between the 
on the amount of current between the source and drain 50 source and drain terminals . 
terminals of the device . The amount of current present is the One such example would be the case of a 10 nm separa 
result of the change in conductivity of the portion of tion between the source and drain terminals , which can 
semiconductor substrate 120 between the source and drain allow roughly 30 nucleotides to be present in the active area . 
terminals due to the field effect generated by the nucleotide With 30 nucleotides present in the active area , and four 
or group of nucleotides present in the active area . It should 55 possible bases that each nucleotide can contain ( adenine ( A ) , 
be appreciated that the number of consecutive nucleotides thymine ( T ) , guanine ( G ) , cytosine ( C ) ) , the total number of 
contributing to the overall field - effect measured by the possible combinations ( 439 ) is extremely large . In these 
device is determined by the separation between the source embodiments it is much more desirable to examine only the 
and drain terminals . In the depicted embodiment , the sepa changes in the current between the source and the drain to 
ration between the source and drain terminals is 6 nm . On 60 determine which specific nucleotides are entering and leav 
average , the separation between consecutive nucleotides in ing the active area to cause the change in the field - effect . For 
a strand of DNA is measured to be 0 . 34 nm . Based on this example , in an embodiment where the active area is suffi 
information , a transistor with a source - drain separation of 6 ciently wide to accommodate 4 nucleotides , the current set 
nm would facilitate sequencing 18 nucleotides at a time . of nucleotides present in the active area is determined to be 
Similarly , in a preferred embodiment , a transistor with a 65 GTAC . As the strand of DNA moves across the active area , 
source - drain separation of 1 nm would facilitate scanning the set of nucleotides changes to CTAC , and from this 
only three nucleotides at a time . In general , a smaller information it can be determined that the G nucleotide 
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present in the initial set of nucleotides has left the active area as a motherboard , or ( b ) an end product . The end product can 
and been replaced by a C nucleotide . As the strand of DNA be any product that includes integrated circuit chips , ranging 
continues to pass along the active area , the order in which from toys and other low - end applications to advanced com 
new nucleotides arrive to the active area can be used to puter products having a display , a keyboard or other input 
determine the order in which nucleotides are present along 5 device , and a central processor . 
the strand of DNA . This information can be verified by The terminology used herein is for the purpose of describ 
observing the order in which the same nucleotides leave the ing particular embodiments only and is not intended to be 
active area , or arrive at a second active area present along limiting of the invention . As used herein , the singular forms 
nano - channel 500 . " a " , " an " and " the " are intended to include the plural forms 

In the depicted embodiment , insulator 420 is etched to 10 as well , unless the context clearly indicates otherwise . It will 
form nano - channel 500 which is used to position a portion be further understood that the terms " comprises ” and / or 
of DNA directly above the source and drain terminals ( see “ comprising , " when used in this specification , specify the 
FIG . 3 ) . In some embodiments , a nano - tunnel may be presence of stated features , integers , steps , operations , ele 
formed by adding a planar portion of insulating material ments , and / or components , but do not preclude the presence 
above the nano - channel to form a portion of material present 15 or addition of one or more other features , integers , steps , 
above nano - channel 500 . In other embodiments , a nano - operations , elements , components , and / or groups thereof . 
tunnel is formed by horizontally etching a portion of insu Having described preferred embodiments of a MOSFET 
lator 420 and preserving the topmost portion of insulator 420 device for sequencing DNA ( which are intended to be 
to form a nano - tunnel with a portion of insulator 420 present illustrative and not limiting ) , it is noted that modifications 
above the nano - tunnel . 20 and variations may be made by persons skilled in the art in 

FIGS . 6A and 6B depict top and section views of forma - light of the above teachings . It is therefore to be understood 
tion of metal contacts 610 , 620 , 630 , and 640 . Metal contacts that changes may be made in the particular embodiments 
610 , 620 , 630 , and 640 are used for connecting the current disclosed which are within the scope of the invention as 
MOSFET device to other electrical components such as a outlined by the appended claims . 
computer or other device for processing and interpreting the 25 
signal transmitted from the current MOSFET device . A What is claimed is : 
person of ordinary skill in the art will recognize that the 1 . A method , the method comprising : 
formation of contacts 610 , 620 , 630 , and 640 includes the providing a sensor comprising : 
steps of etching a portion of insulator 420 , dielectric layer a buried oxide layer ; 
410 , and semiconductor substrate 120 and depositing a 30 a substrate layer formed on and above the buried oxide 
contact material into the etched portion of the layer . A layer ; 
contact material can comprise a metal such as tungsten , a first source region formed in a first portion of the 
titanium , titanium nitride , or copper , and may be deposited substrate layer and a first drain region formed in a 
by a process such as chemical vapor deposition ( CVD ) . second portion of the substrate layer , the first source 
After the contact metal used to form contacts 610 , 620 , 630 , 35 region and the first drain region spaced a first dis 
and 640 is deposited , CMP may be used to remove excess tance apart ; 
contact material present above the top of insulator 420 . a dielectric layer formed on the substrate layer ; 

It should be appreciated that although the depicted an insulative layer formed on the dielectric layer ; 
embodiment illustrates the formation of four metal contacts , a nano - channel formed in the insulative layer , wherein 
other embodiments may include the formation of two , four , 40 the nano - channel passes over the first source region 
six , eight , or any even number of metal contacts . In general , and the first drain region such that each of the first 
two metal contacts are formed for each transistor present source region and the first drain region are only 
along nano - channel 500 . In the depicted embodiment , the below a bottom side of the nano - channel ; and 
two transistors present along nano - channel 500 require the a contact for each source and drain region ; 
formation of four metal contacts . In the depicted embodi - 45 connecting a voltage source across the first source region 
ment , contacts 610 and 630 connect the source terminals of and the first drain region , the voltage source capable of 
the first and second transistors present along nano - channel measuring current flow through the first source region 
500 to outside electrical components respectively . Similarly , and the first drain region when at least one DNA 
contacts 620 and 640 connect the drain terminals of the first nucleotide is present in the nano - channel between the 
and second transistors present along nano - channel 500 to 50 first source region and the first drain region ; 
outside electrical components respectively . providing a strand of DNA in the nano - channel , wherein 

The method as described above is used in the fabrication a first portion of the strand of DNA is present in the 
of integrated circuit chips . nano - channel between the first source region and the 

The resulting semiconductor device may be included on a first drain region ; and 
semiconductor substrate consisting of many devices and one 55 measuring , by one or more processors , a first current flow 
or more wiring levels to form an integrated circuit chip . The between the first source region and the first drain 
resulting integrated circuit chip ( s ) can be distributed by the region . 
fabricator in raw wafer form ( that is , as a single wafer that 2 . The method of claim 1 , further comprising : 
has multiple unpackaged chips ) , as a bare die , or in a measuring , by one or more processors , a second current 
packaged form . In the latter case the chip is mounted in a 60 flow between the first source region and the first drain 
single chip package ( such as a plastic carrier , with leads that region when a second portion of the strand of DNA is 
are affixed to a motherboard or other higher level carrier ) or present in the nano - channel between the first source 
in a multichip package ( such as a ceramic carrier that has region and the first drain region . 
either or both surface interconnections or buried intercon 3 . The method of claim 2 , further comprising : 
nections ) . In any case , the chip is then integrated with other 65 determining , by one or more processors , a first set of one 
chips , discrete circuit elements , and / or other signal process or more DNA nucleotides corresponding to the first 
ing devices as part of either ( a ) an intermediate product , such current flow ; 
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determining , by one or more processors , a second set of capable of measuring current flow through the second 
one or more DNA nucleotides corresponding to the source region and the second drain region when at least 
second current flow ; and one DNA nucleotide is present in the nano - channel 

identifying , by one or more processors , at least one between the second source region and the second drain 
different DNA nucleotide present within the first set of 5 region ; 
one or more DNA nucleotides and the second set of one 
or more DNA nucleotides . measuring , by one or more processors , a third current flow 

4 . The method of claim 2 , further comprising : between the second source region and the second drain 
calculating , by one or more processors , a difference region , wherein the first portion of the strand of DNA 
between the measured first current flow and the mea is present in the nano - channel between the second 
sured second current flow ; and source region and the second drain region ; 

identifying , by one or more processors , a change in comparing , by one or more processors , the measured first 
presence of one or more DNA nucleotides between the current flow and the measured third current flow ; and 
first portion of the strand of DNA and the second verifying , by one or more processors , whether the mea 
portion of the strand of DNA based , at least in part , on sured first current flow and the measured third current 
the calculated difference . flow are equal to within a predetermined threshold . 

5 . The method of claim 1 , wherein the sensor further 7 . The method of claim 5 , wherein the first distance and comprises : the second distance are equal . a second source region and a second drain region formed 8 . The method of claim 5 , wherein the first distance is of in the substrate layer , the second source region and the 20 a different length than the second distance . second drain region spaced a second distance apart . 
6 . The method of claim 5 , further comprising : 9 . The method of claim 1 , wherein the first distance is less 
connecting a voltage source across the second source than or equal to 6 nanometers . 

region and the second drain region , the voltage source * * * * 

15 


